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Abstract: The study evaluated the impact of crude oil pollution on natu¬ 
ral regeneration of plant species in a major oil-producing community in 
the Niger Delta region of Nigeria. Three sites—unpolluted site (US), 
polluted and untreated site (PUS), and polluted and treated site (PTS)— 
were purposively chosen for the study. The seedling emergence method 
was used to evaluate soil seed banks in the various sites at two depths, 0 
to 10 cm and 10 to 20 cm. Woody-plant species richness, abundance, and 
diversity were higher in the US seed bank than in the PUS and PTS seed 
banks. The highest number of non-woody plants was observed in the US, 
followed by the PTS, and then the PUS. Both species richness and 
diversity of non-woody plants were highest at the US, followed by the 
PUS, and lowest in the PTS. Woody species in the US seed bank were 
87.5% and 80% dissimilar with those of the PUS and PTS at 0-10 cm 
and 10-20 cm respectively. No variation was observed between woody 
species in the PUS and PTS seed banks. Non-woody species at 0-10 cm 
US seed bank were 73.08% dissimilar with those of PUS at the two soil 
depths and 81.48/88.46% dissimilar with those of the 0-10/10-20 cm of 
the PTS respectively. At 10-20 cm, non-woody species of the US were 
69.66% dissimilar with those from each of the two soil depths in PUS; 
and 73.91/81.82% dissimilar with those of 0-10/10-20 cm of the PTS 
respectively. Non-woody species variation between the PUS and PTS 
was higher at 10-20 cm than 0-10 cm. The poor seed bank attributes at 
the polluted sites demonstrates that crude oil pollution negatively af¬ 
fected the natural regeneration potential of the native flora because soil 
seed banks serve as the building blocks for plant succession. Thorough 
remediation and enrichment planting are recommended to support the 
recovery process of vegetation in the polluted areas. 
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Introduction 

Contamination of soil by crude oil spills is a global environ¬ 
mental problem. Crude oil, the raw component of nearly all pe¬ 
troleum products, contains a wide variety of elements combined 
in various forms: the main components are carbon and hydrogen, 
which in their combined fonn are called hydrocarbons (ABB 
1997). Shifts in the composition of the soil’s microbial commu¬ 
nity—as a response to low levels of gaseous hydrocarbons from 
underlying petroleum fonnations—have been investigated as 
support for further monitoring in case of accidental spills. Michel 
et al. (2002, 2005) state that petroleum is a pollutant that can 
persist in the environment for a long period until vegetation re¬ 
covers completely; its persistence can be explained by the slow 
biodegradation of hydrocarbons. 

The inhibition of gemination and reduction of plant growth 
are indicators of the toxicity of hydrocarbons (Powell 1997). Oil 
contamination causes a slow rate of germination in plants (Ogbo 
et al. 2009), which has been attributed to the prevention or reduc¬ 
tion of the seeds’ access to water and oxygen (Adam and Duncan, 
2002). Cell membranes are damaged by penetration of hydrocar¬ 
bon molecules, leading to leakage of cell contents. Oil reduces 
the transpiration rate, probably by blocking stomata and intercel¬ 
lular spaces (Baker 1970). 

Coastal ecosystems in the Niger Delta region of Nigeria are 
under increasing pressure from hostilities and other developmen¬ 
tal activities. The region has a long history of crude-oil pollution. 
Causes of oil spills in the area are usually accidental or opera¬ 
tional. Accidental spills occur mainly due to equipment failure. 
Such spills have occurred at several times and places within the 
region (e.g., July 1970, April 2009, and April 2012, etc. at Bomu 
Oil Field in the Kegbara Dere Community). Operational spills 
occur due to loading and discharging oil from ships and illegal 
bunkering activities. These spills usually cause a lot of harm to 
the biological resources of the area. 

Recovery of the area after spills will depend on thorough re¬ 
mediation or degradation of the oil and regeneration of the plant 
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communities. Although the oil companies responsible for these 
spills in the Niger Delta sometimes carryout remediation activi¬ 
ties, no studies have been conducted to either ascertain the im¬ 
pact of the spills on the regenerative potentials of the soil seed 
banks, or the effectiveness of the remediation effort, especially 
as it concerns regeneration of the native woody species of the 
area. Our study was a step in that direction: the specific objec¬ 
tives were: (1) to identify and compare the plant species compo¬ 
sition of the soil seed banks in the unpolluted, polluted, and 
remediated sites; (2) to ascertain the impact of crude oil pollution 
on the viability and diversity of the soil seed bank; (3) to deter¬ 
mine the effectiveness of the remediation carried out with respect 
to plant regeneration; and (4) to ascertain the impact of soil depth 
on the abundance of soil seed banks in the three sites considered. 

Materials and methods 

Description of the study area 

Kegbara Dere is located in Gokana Local Government Area of 
Rivers State. It lies in the humid tropical zone with annual rain¬ 
fall that ranges from 2000-2470 mm and an annual temperature 
ranging from 23°C minimum to 32°C maximum (NDES, 2001). 
The vegetation of the area is made up of an intricate mixture of 
plants that belong to different plant families, genera, and species. 
However, for the areas polluted with crude oil, the plants (mostly 
grasses) are in patches and are sparsely distributed on the site. 

A report from Port Harcourt Appeals Court (1994) observed 
that the soils of the polluted areas of the community are resistant 
to penetration by plant roots; have high bulk densities, low hy¬ 
draulic conductivities, and infiltration capacities; and conse¬ 
quently, very poor plant growth. The report also stated that soil 
samples from the polluted areas are very acidic, poor in total 
nitrogen, available phosphorous, and organic carbon, and gener¬ 
ally have low levels of exchangeable cations and micronutrients, 
and high level of manganese, all toxic to plant life. 

Selection of the study sites 

Three sites were used for the study. The first site (4°39'8" N and 
7°14'26" E) was selected from an unpolluted area (about 5 km 
away from the Kegbara Dere/Bomu Oil Field). The second site 
(4°39'37" N and 7°15'8" E) was selected from a polluted but 
treated or remediated area; while the third site (4°39'41" N and 
7°15'6" E) was selected from a polluted and untreated area. The 
remediation carried out at the polluted/treated site involved man¬ 
ual tillage and bulking of soil; this was done in 2007 and 2008. 
These sites were chosen to ascertain the impact of crude oil pol¬ 
lution on the regenerative abilities of the sites and the effective¬ 
ness of the remediation exercises. 

Studies on soil seed bank 

Ten (10) random plots, 20 cm x 20 cm. were marked out at each 
site. Soil samples were removed from the 0-10 cm and 10-20 cm 

^ Springer 


soil layers of each plot, using a sharp knife and hand trowel. Soil 
samples from corresponding soil layers were bulked for each site 
and divided into four equal parts. Germination trials were con¬ 
ducted for the different soil samples in the nursery. Soils were 
spread to a thickness of 3 cm on perforated plastic trays that were 
continuously kept moist. The seedling emergence method was 
used to assess the composition of the soil seed banks over a pe¬ 
riod of six months. Emerging seedlings that were readily identi¬ 
fiable were counted, recorded, and discarded on a monthly basis. 
Seedlings that were difficult to identify were counted, labeled, 
transplanted, and grown separately until they could be identified. 
After identification and counting of seedlings each month, the 
soil samples were stirred to stimulate seed gemination. 

Measurement of seedling diversity 

The Simpson Diversity Index (Simpson, 1949) and Shannon 
Diversity Index (Odum, 1971) were used to measure diversity of 
the soil seed banks using Paleontological Statistics (PAST) soft¬ 
ware. 

The Simpson Index is expressed as: 

9 

y'nijni -\) 

d=-^-t -r- (l) 

N{N- 1) 

where: N is the total number of individuals encountered, ni is 

number of individuals of ith species enumerated for i=l.q, q 

is number of different species enumerated. 

Shannon Diversity Index is expressed as: 

H = ~Y! t =i P^SPi ( 2 ) 

where: pi is the proportion of individuals in the Ith species, s is 
the total number of species. 

Comparison of seed banks at different sites 

The Sorensen Similarity Index was used to compare soil seed- 
bank species composition between sites and soil depths. The 
index was computed using the methods found in Ogunleye et al. 
(2004), Ojo (2004), and Ihenyen et al. (2010), as expressed be¬ 
low: 

SI=--- X 100 (3) 

a + b + c 

where: a is the number of species present in both sites; b is the 
number of species present in site 1 but not present in site 2; c is 
the number of species present in site 2 but not present in site 1. 
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Results 

Woody plant species composition of the various sites 

Table 1 shows the woody plant species that germinated from soil 
seed banks at various sites and soil depths. The abundance of 
woody plant species was greater in the seed bank of the unpol¬ 
luted site than in the polluted/untreated site and polluted/treated 
site (Fig. 1). No woody tree species was recorded at both the 
polluted/untreated site and polluted/treated site (Fig. 2). 


Non-woody plant species composition of the various sites 

Table 2 shows the non-woody species recorded from the soil 
seed banks at various sites and soil depths. The highest number 
of non-woody plants was observed at 0-10 cm seed bank of the 
unpolluted site, followed by 0-10 cm soil seed bank of the pol¬ 
luted/ treated site, while the lowest number was observed at the 
10-20 cm seed bank of the polluted/untreated site (Fig. 3). The 
abundance of non-woody plants decreased with the increase in 
soil depth in all the sites. 


Table 1: Checklist of Woody Plant Species and Number of Individuals encountered in all the Sites 


No. of Individuals encountered 


Species 

Family 

Habit 

Unpolluted Site 

Polluted & Untreated Site 

Polluted & Treated Site 

0-10 cm Soil 

Seed Bank 

10-20 cm Soil 

Seed Bank 

0-10 cm Soil 

Seed Bank 

10-20 cm Soil 

Seed Bank 

0-10 cm Soil 

Seed Bank 

10-20 cm Soil 

Seed Bank 

Chromolaena odorata 

Asteraceae 

Shrub 

34 

6 

i 

2 

4 

2 

Psidium guajava 

Myrtaceae 

Tree 

2 

0 

0 

0 

0 

0 

Newbouldia laevis 

Bignoniaceae 

Tree 

1 

0 

0 

0 

0 

0 

Albizia sp. 

Leguminosae 

Tree 

5 

2 

0 

0 

0 

0 

Dalium guineense 

Leguminosae 

Shrub 

4 

0 

0 

0 

0 

0 

Anthonotha macrophylla 

Leguminosae 

Tree 

0 

1 

0 

0 

0 

0 

Vitex sp. 

Verbenaceae 

Tree 

1 

1 

0 

0 

0 

0 

Mitragyna sp. 

Rubiaceae 

Tree 

5 

4 

0 

0 

0 

0 

Stachytarpheta cayennensis 

Verbenaceae 

Shrub 

2 

0 

0 

0 

0 

0 



Fig. 1 : Number of woody plants that germinated from soil seed banks at 
various sites and soil depths. US 0-10 cm SSB = Unpolluted Site 0-10 
cm Soil Seed Bank; US 10-20 cm SSB = Unpolluted Site 10-20 cm Soil 
Seed Bank; PUS 0-10cm SSB = Polluted and Untreated Site 0-10 cm 
Soil Seed Bank; PUS 10-20 cm SSB = Polluted and Untreated Site 10-20 
cm Soil Seed Bank; PTS 0-10 cm SSB = Polluted and Treated Site 0-10 
cm Soil Seed Bank; PTS 10-20 cm SSB = Polluted and Treated Site 10- 
20 cm Soil Seed Bank. Same explanation for Figs 2-4. 
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Fig. 2 : Distribution of germinated woody plant species among woody 
plant forms 



Fig. 3 : Number of non-woody plants that germinated from soil seed 
banks at various sites and soil depths 
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Table 2: Checklist of Non-Woody Plant Species and Number of Individuals encountered in all the Sites 

Species 

Family 

Habit 

Unpolluted Site 

Polluted & Untreated Site 

Polluted & Treated Site 




0-10 cm 

10-20 cm 

0-10 cm 

10-20 cm 

0-10 cm 

10-20 cm 




Soil Seed 

Soil Seed 

Soil Seed 

Soil Seed 

Soil Seed 

Soil Seed 




bank 

Bank 

Bank 

Bank 

Bank 

Bank 

Ageratum conyzoides 

Asteraceae 

Herb 

232 

25 

6 

i 

0 

0 

Mariscus longibracteatum 

Rutaceae 

Sedge 

160 

93 

44 

36 

0 

23 

Pteridium aquilinum 

Hypolepidaceace 

Fern 

3 

0 

0 

0 

0 

0 

Euphorbia hirta 

Euphorbiaceae 

Herb 

10 

30 

0 

3 

0 

0 

Talinum triangulare 

Portulacaceae 

Herb 

22 

7 

0 

0 

0 

0 

Aspilia africana 

Compositae 

Herb 

11 

0 

9 

1 

10 

0 

Digitaria gayana 

Poaceae 

Grass 

21 

0 

61 

41 

0 

0 

Evolvulus alsinoides 

Convolvulaceae 

Herb 

63 

13 

0 

1 

36 

16 

Commelina benghalensis 

Commelineceae 

Herb 

8 

1 

0 

0 

2 

0 

Pueraria phaseoloides 

Fabaceae 

Vine forb 

9 

1 

1 

0 

2 

0 

Panicum maximum 

Poaceae 

Grass 

9 

0 

0 

0 

0 

0 

Eleusine indica 

Poaceae 

Grass 

29 

41 

0 

0 

0 

0 

Cyperus esculentus 

Cyparaceae 

Sedge 

121 

4 

24 

0 

248 

43 

Brachiaria falcifera 

Poaceae 

Grass 

1 

1 

2 

2 

0 

0 

Ipomoea involucrata 

Convolvulaceae 

Creeping herb 

0 

1 

1 

1 

1 

0 

Cyperus dijformis 

Cyparaceae 

Sedge 

0 

0 

10 

8 

4 

4 

Perotis indica 

Poaceae 

Grass 

0 

0 

18 

32 

37 

22 

Dactyloctenium aegyptium 

Poaceae 

Grass 

0 

0 

0 

0 

293 

102 

Centrosema pubescens 

Fabaceae 

Vine forb 

18 

0 

0 

0 

0 

0 

Axonopus compressus 

Poaceae 

Grass 

24 

0 

0 

0 

0 

0 

Eragrostis tenella 

Poaceae 

Grass 

0 

15 

0 

0 

0 

0 

Oplismenus burmannii 

Poaceae 

Grass 

15 

0 

0 

0 

0 

0 

Eragrostis tremula 

Poaceae 

Grass 

8 

0 

0 

0 

0 

0 

Oldenlandia corymbosa 

Rubiaceae 

Herb 

30 

1 

0 

0 

0 

0 

Alternanthera pungens 

Amaranthaceae 

Creeping herb 

14 

10 

0 

0 

0 

0 

Cleome rutidosperma 

Capparaceae 

Herb 

36 

0 

0 

0 

0 

0 

Digitaria horizontalis 

Poaceae 

Grass 

0 

13 

0 

0 

0 

0 

Paspalum sp 

Poaceae 

Grass 

0 

4 

0 

0 

0 

0 

Euphorbia hyssopifolia 

Euphorbiaceae 

Herb 

0 

14 

0 

0 

0 

0 

Mitracarpus villosus 

Rubiaceae 

Herb 

0 

1 

0 

0 

0 

0 

Synedrella villosus 

Asteracaea 

Herb 

11 

0 

0 

0 

0 

0 

Panicum repens 

Poaceae 

Grass 

0 

5 

3 

4 

21 

6 


The distribution of germinated non-woody plant species 
among plant forms is shown in Fig. 4. The herbs and grasses 
were greater in the two soil depths of the unpolluted site than in 
both soil depths at the other sites. More sedge was found at 0-10 
cm seed bank of the polluted/untreated site and 10-20 cm soil 
seed bank of the polluted/treated site. Creeping herbs were more 
in the 0-10 cm soil seed bank of the unpolluted site, while fern 
was recorded only at this site and soil depth. 

Diversity of woody plant seedlings at various sites/soil depths 

The diversity of woody plant seedlings are shown in Table 3. 
The richness of woody plant species was greatest at the 0-10cm 
seed bank of the unpolluted site followed by the 10-20 cm seed 
bank of the same site while only one woody species was 
recorded at the two soil depths in both the polluted/untreated and 
polluted/treated sites. Woody plant species diversity was zero for 
both soil depths at the polluted/untreated and polluted/treated 
sites. 
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Fig. 4: Distribution of germinated non-woody plant species among plant 
forms 
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Diversity of the non-woody plant seedlings at various sites/soil 
depths 

Table 4 presents diversity indices for non-woody plant species at 
various sites and soil depths. Both species richness and diversity 


were highest at the unpolluted site, followed by the 
polluted/untreated site while the polluted/treated site had the 
lowest species richness and diversity.The diversity of non-woody 
plant species decreased with soil depth except at the 
polluted/treated site. 


Table 3: Alpha Diversity Indices for Woody Plant Seedlings 



US 0-10cmSSB 

US 10-20 cmSSB 

PUS 0-10 cm SSB 

PUS 10-20 cm SSB 

PTS 0-10 cm SSB 

PTS 10-20 cm SSB 

No. of species 

8 

5 

1 

1 

1 

1 

Shannon H 

1.317 

1.376 

0 

0 

0 

0 

Simpson 1-D 

0.5775 

0.7041 

0 

0 

0 

0 


Table 4: Alpha Diversity Indices for Non-Woody Plant Seedlings 



US 0-10 cm SSB 

US 10-20 cm SSB 

PUS 0-10 cm SSB 

PUS 10-20 cm SSB 

PTS 0-10 cm SSB 

PTS 10-20 cm SSB 

No. of species 

22 

19 

11 

11 

10 

7 

Shannon H 

2.382 

2.219 

1.814 

1.644 

1.3 

1.513 

Simpson 1-D 

0.8578 

0.8364 

0.7881 

0.7575 

0.6479 

0.7091 


Plant species compositional variation among sites and soil depths 

The extent of plant species compositional variation between sites 
and soil depths is shown in Table 5 for woody species. Woody 
species in the seed bank at the unpolluted site were 87.5% and 
80% dissimilar with those in the polluted/untreated and pol¬ 
luted/treated sites at 0-10 and 10-20 cm respectively. No varia¬ 


tion was observed between woody species from seed banks in the 
polluted/untreated and polluted/treated sites. 

The level of variation in non-woody species composition was 
higher between the unpolluted site and the polluted/treated site 
than between the unpolluted site and the polluted/untreated site 
(Table 6). Non-woody species variation between the pol¬ 
luted/untreated site and polluted/treated site was higher at 10-20 
cm than 0-10 cm. 


Table 5: Sorensen’s Similarity Indices for seed bank woody seedlings 



US 0-10 cm SSB 

US 10-20 cm SSB 

PUS 0-10 cm SSB 

PUS 10-20 cm SSB 

PTS 0-10 cm SSB 

PTS 10-20 cm SSB 

US 0-10 cm SSB 

* 

44.44 

12.50 

12.50 

12.50 

12.50 

US 10-20 cm SSB 


* 

20.00 

20.00 

20.00 

20.00 

PUS 0-10 cm SSB 



* 

100.00 

100.00 

100.00 

PUS 10-20 cm SSB 




* 

100.00 

100.00 

PTS 0- 10 cm SSB 





* 

100.00 

PTS 10-20 cm SSB 






* 

Table 6: Sorensen’s Similarity Indices for non-woody plants at the various sites 


US 0-10 cm SSB 

US 10-20 cm SSB 

PUS 0-10 cm SSB 

PUS 10-20 cm SSB 

PTS 0-10 cm SSB 

PTS 10-20 cm SSB 

US 0-10 cm SSB 

* 

41.38 

26.92 

26.92 

18.52 

11.54 

US 10-20 cm SSB 


* 

30.34 

30.34 

26.09 

18.18 

PUS 0-10 cm SSB 



* 

69.23 

50.00 

38.46 

PUS 10-20 cm SSB 




* 

40.00 

38.46 

PTS 0-10 cm SSB 





* 

54.55 

PTS 10-20 cm SSB 






* 


Discussion 

The gemination trials showed more plant species in the seed 
bank of the unpolluted site than that of either the pol¬ 
luted/untreated or polluted/treated sites. Although woody plant 
species were generally few in all of the sites compared with the 


non-woody species, the unpolluted site compared better than the 
polluted/untreated and polluted/treated sites where only one 
woody species, Chromolaena odorata, was observed. Non- 
woody species dominated the soil seed banks in all sites, al¬ 
though the unpolluted site also demonstrated greater species 
richness and abundance than the other two. The pol¬ 
luted/untreated site had higher non-woody species richness than 
the polluted/treated site while non-woody plant abundance was 
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higher in the polluted/treated site than in the polluted/untreated 
site. 

Several studies on seed banks also show few woody species in 
comparison to non-woody species (Kebrom and Tesfaye 2000; 
Senbata and Teketay 2002; Dc Villiers et al 2003; Jalili et al. 
2003; Wassie and Teketay 2006; Oke et al. 2007). Oke et al. 
(2007) observed that herbaceous species dominated the seed 
bank, consisting of 98% of the total seed density in each of the 
four plantations studied, with only three woody species emerging. 
The paucity of woody species in the seed bank of the unpolluted 
site may be attributed to the short-lived nature of their seeds. 
(Garwood 1989, Wassie and Teketay 2006). However, the higher 
species richness and seedling abundance recorded in the unpol¬ 
luted site are indicative of the harmful impact of crude oil pollu¬ 
tion. Although, there is no available literature on the effect of 
crude oil pollution on seed banks, Tefera et al. (2005) reported 
that disturbed lands had less seed density compared to adjacent 
undisturbed land. Powell (1997) equally asserted that the inhibi¬ 
tion of gemination and the reduction of plant growth, as well as 
death, are indicators of the toxicity of hydrocarbons in an oil 
polluted area. 

Generally, seedling abundance decreased with soil depth in all 
of the sites with over 70% of non-woody seedlings encountered 
at the 0-10 cm seed bank of both the unpolluted and pol¬ 
luted/treated sites, and about 58% at the polluted/untreated site. 
Degreef (2002) observed that most seeds are located on the sur¬ 
face of the soil and that their numbers decline with depth. 

Woody plant species diversity was zero at both the pol¬ 
luted/untreated and the polluted/treated sites. Crude oil pollution 
appears to have a greater impact on the diversity and density of 
the woody plant species than the non-woody species. This may 
be due to the advantages most non-woody species have in colo¬ 
nizing degraded sites with respect to the dispersal of their seeds. 
Because most woody species depend on seed rain for their re¬ 
generation due to the short-lived nature of their seeds, the de¬ 
struction of mature trees due to crude oil pollution may have 
contributed to the very poor woody species richness, diversity, 
and abundance. However, higher non-woody seedling abundance 
in the polluted/treated site than in polluted/untreated site could 
be attributed to improved site conditions after remediation. 
Dereje et al. (2003) observed that biological and soil factors 
contribute to variations in species richness and diversity. 

The high variation between the plant species composition in 
seed banks at the unpolluted site and the polluted sites could be 
due to the absence of toxic pollutants, and favorable biological 
andsoil conditions in the unpolluted site. It is well known that 
hydrocarbons are hamful to animals and plants (Dom and Sala- 
nitro 2000). The inhibition of gemination and the reduction of 
plant growth as well as its death, are indicators of the toxicity of 
hydrocarbons (Powell 1997). However, the existence of C hromo- 
laena odorata in both the polluted/untreated and polluted/treated 
sites is indicative of its ability to colonize and thrive in degraded 
sites. 

The poor seed bank attributes at the polluted sites demonstrate 
how crude oil pollution impairs on the natural regeneration po¬ 
tential of the native flora because the soil seed bank serves as a 
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building block for plant succession. For example, the rapid re¬ 
vegetation of sites disturbed by wildfire, catastrophic weather, 
agricultural operations, and timber harvesting is largely due to 
the soil seed bank. A study into the natural process that influence 
forest dynamics has shown that soil seed bank is one of the prin¬ 
ciple sources of recruitment for new individuals in the initial 
stages of forest succession (Butler and Chazdon 1998). It also is 
partially responsible for dynamic changes that may occur during 
the development of vegetation (Lunt 1997). Williams-Linera 
(1993) equally observed that species richness and abundance in 
soil seed banks may provide information on the potential of a 
community for regeneration. 

Conclusion 

The soil seed bank of the unpolluted site compared better than 
those of the polluted/untreated and polluted/treated sites in terns 
of plant species richness and diversity, and seedling abundance. 
Plant species compositional variation was very high between the 
unpolluted site and the polluted sites. The remediation carried 
out in 2007 and 2008 seems not to have been very effective. 

To restore the plant communities of the polluted areas, thor¬ 
ough remediation should be carried out by seasoned profession¬ 
als who are committed to the project. . Since natural regeneration 
cannot guarantee the restoration of the plant communities (espe¬ 
cially the woody species) at the polluted sites, enrichment plant¬ 
ing using relevant silvicultural practices should be carried out to 
support and enhance the recovery process. This effort should 
involve collaboration with all of the stakeholders, including local 
people, government, oil companies, and professionals, like forest 
ecologists, soil scientists, and silviculturists. 
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